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(57) ABSTRACT

A method and a device for determining the blood flow Q in
a vascular access (F) during an extracorporeal blood treat-
ment is described, where the blood enters the blood treat-
ment unit (3) of the blood treatment machine through an
arterial branch (19) of an extracorporeal circulation loop (2)
which is in fluid connection with the vascular access at an
arterial connection. The blood is returned through a venous
branch (21) of the extracorporeal circulation, which is in
fluid connection with the vascular access at a venous con-
nection (13). The blood flow in the vascular access is
determined by measuring the pressure p,,, D, in the
arterial and/or venous branch of the extracorporeal circula-
tion when the vascular access is open and interrupted, while
the extracorporeal blood flow Qy is varied. Then the fistula
flow Qg is determined from the measured values for the
arterial and/or venous pressure while the vascular access is
open and interrupted.

9 Claims, 3 Drawing Sheets
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METHOD AND DEVICE FOR
DETERMINING BLOOD FLOW IN A
VASCULAR ACCESS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of prior application Ser.
No. 09/549,364, filed on Apr. 14, 2000 now U.S. Pat. No.
6,827,698, which is incorporated herein by reference in its
entirety.

The present invention relates to a method of operating a
blood treatment device for determining the blood flow in a
vascular access during an extracorporeal blood treatment,
and to a device for determining the blood flow in a vascular
access during an extracorporeal blood treatment.

DESCRIPTION OF RELATED ART

In the methods used for chronic blood purification therapy
such as hemodialysis, hemofiltration and hemodiafiltration,
blood is sent through an extracorporeal circulation loop in a
blood treatment unit, such as a dialyzer or filter. To serve as
the access to the blood vessel system, an arteriovenous
fistula is often created surgically and is then generally
punctured with an arterial needle and venous needle (double
needle dialysis). Likewise, use of a vascular implant (PTE
graft) is also possible. The term “vascular access”, as it is
used below, is understood to refer to any type of access to
a patient’s blood vessel, but in particular to the connection
between a patient’s artery and vein.

Typical flows within a satisfactorily functioning vascular
access are in the range of 1100 mL/min. Measurement of
blood flow and vascular pressure is of crucial importance to
monitoring the functioning of the access. Vascular implants
showing a flow rate of less than 600 to 800 ml./min or an
abnormal pressure are associated with a much higher risk of
thrombosis. A thrombosis develops as a result of an
unknown stenosis which leads to a reduction in blood flow
in the vascular access. Through early detection of vascular
accesses with a reduced blood flow, it is therefore possible
to prevent imminent thromboses. In addition, by identifying
vascular accesses with pathologically elevated flow rates
above 2000 m[/min, overloading of the patient’s cardiovas-
cular system is prevented.

German Patent application 4 024 434 Al describes a
device for ultrafiltration monitoring in blood purification
processes, having a pressure measurement device arranged
in the extracorporeal blood circulation and an analyzer unit
where the measured pressure values are stored in chrono-
logical order, and where a change in blood viscosity is
deduced from a change in pressure values.

A device for measuring the flow through a fistula is
described in German Patent 19 541 783 C1. This measure-
ment of fistula flow is based on measuring the temperature
in the arterial branch of the extracorporeal circulation while
there occur variations in extracorporeal blood flow.

Another method of determining the blood flow in a
vascular access is based on a measurement of recirculation
before and after exchanging the arterial and venous blood
tubes on the needles. This method yields good clinical
results, but has the disadvantage that when the tubes are
improperly exchanged, there is a risk of blood loss and
infections, plus a residual pulmonary embolism risk.

In everyday clinical practice, the static pressure in the
vascular access is measured after turning off the blood pump
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and the ultrafiltration unit. However, when the blood pump
is stopped there is the risk of coagulation in the blood tubing
system.

SUMMARY OF THE INVENTION

The present invention provides a method of operating a
blood treatment device that makes it possible to determine
the blood flow in the vascular system with high reliability,
without any technical expense and without requiring that the
blood tube connections be exchanged. This invention also
provides a device that is relatively simple to implement
technically, so that the blood flow in the vascular access can
be determined with a high certainty without requiring that
the blood tube connections be exchanged.

In one aspect, the invention is a method of operating a
blood treatment machine for determining the blood flow Qg
in a vascular access of an extracorporeal circulation during
an extracorporeal blood treatment, the blood entering a
blood treatment unit of the blood treatment machine through
an arterial connection of an arterial branch in fluid connec-
tion with the vascular access, and is returned through a
venous connection of a venous branch in fluid connection
with the vascular access. The method comprises the steps of
Measuring Pressures P, Proys Pars comps Pren comp 1 ONE OF
the arterial or venous branch while the vascular access is
open and blood flows through said vascular access between
the arterial and venous connections, measuring the pressures
while the vascular access is interrupted and no blood flows
through the vascular access between the arterial and venous
connections, varying blood flow Qp in the extracorporeal
circulation, and determining the blood flow Q. in the open
vascular access between the arterial and venous connections
from the measured values of the pressures p,.. Prens
Pare comp> Pren comp

In another aspect, the invention is a device for determin-
ing blood flow in a vascular access during an extracorporeal
blood treatment, comprising an arterial branch of an extra-
corporeal circulation in fluid connection with the vascular
access at an arterial connection, a blood treatment unit for
receiving blood from the arterial branch, a venous branch of
the extracorporeal circulation in fluid connection with the
vascular access at a venous connection, and a blood pump
connected to the extracorporeal circulation. The device also
includes a control unit for varying the flow rate of the blood
pump, at least one of an arterial and a venous measurement
device for measuring pressures P, Pvens Pare comps Pren comp
respectively in the arterial and venous branch of the extra-
corporeal circulation with the vascular access open and with
the vascular access interrupted, means for varying a blood
flow Q in the extracorporeal circulation, a memory unit for
storing the measured arterial and venous pressure, and a
computer unit adapted to determine the blood flow Q in the
open vascular access from the measured values of the
arterial and venous pressure P, Prons Parr comps Pyen comp-

In the method according to this present invention, the
blood flow in the vascular access is determined by perform-
ing a pressure measurement with an open vascular access
while blood flows through the vascular access between the
arterial and venous connections. The method also uses an
interrupted vascular access while no blood flows through the
same, while the blood flow in the extracorporeal circulation
is varied. The blood flow in the open vascular access can
then be determined from the measured values of the pressure
in the vascular access that is open and interrupted. The blood
flow can be determined either exclusively from the mea-
sured values for the pressure in the arterial branch, with the
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vascular access open and interrupted, or exclusively from
the values for the pressure in the venous branch, with the
vascular access open and interrupted.

However, it is also possible to use both the arterial
pressure and the venous pressure values with both open and
interrupted vascular access to determine the blood flow. The
vascular access is preferably pressed by hand between the
needles, which offers advantages in practice. This procedure
can also be carried out with a compensation tube, a cuff or
other similar device.

All measured values can be determined first with the
vascular access open or interrupted, and only then are all the
measured values determined with the vascular access in the
other one of the interrupted or open condition, respectively,
while the blood flow is varied within predetermined limits.
The measured values can be recorded in two successive
cycles, one with the vascular access open and one with it
interrupted.

In a first variant of the claimed method, the blood flow can
be determined in the extracorporeal circulation where the
pressure in the arterial or venous branch, with the vascular
access interrupted, is equal to the pressure in the arterial or
venous branch, respectively, with the vascular access open.
This step determines the blood flow in the open vascular
access. In this case, the extracorporeal blood flow is equal to
the blood flow in the vascular access. It is advantageous that
only one pressure measurement, either in the arterial branch
or in the venous branch, is necessary.

A second variant of this method provides for a measure-
ment to be performed in the arterial and venous branches, to
determine the blood flow in the extracorporeal circulation at
which the pressure in the arterial branch having the vascular
access interrupted is equal to the arterial pressure having the
vascular access open. This method also determines the
extracorporeal blood flow at which the venous pressure with
the vascular access interrupted is equal to the venous pres-
sure having the vascular access open. The blood flow in the
open access is then advantageously determined by forming
the average of these two extracorporeal blood flow values.

In another variant of this method, the difference between
the pressure in the arterial branch having the vascular access
interrupted and the pressure in the arterial branch having the
vascular access open, and the difference between the venous
pressure having the vascular access interrupted and the
venous pressure having the vascular access open are deter-
mined as a function of the extracorporeal blood flow. For the
case when the two differences are equal to zero, the extra-
corporeal blood flow is equal to the blood flow in the open
vascular access.

The measured pressure values can be preferably stored in
memory in chronological order. The parameters of a func-
tion representing the arterial and/or venous pressure as a
function of the extracorporeal blood flow can be advanta-
geously determined from the discrete measured values.
Known mathematical procedures can be used to this end.
Depending on the required accuracy, a larger or smaller
number of measured values may be necessary. Outside of the
defined limits, the arterial and/or venous pressure is advan-
tageously determined by extrapolation of the function curve,
so the blood flow need be varied only within relatively
narrow limits.

The arterial and/or venous static pressure in the vascular
access can also be determined from the measured values for
the arterial and/or venous pressure in the extracorporeal
circulation. To do so, by extrapolating the function curve,
the arterial and/or venous extracorporeal pressure at which
the extracorporeal blood flow is equal to zero is determined.
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The invention described here includes an arterial and/or
venous pressure measurement device for measuring the
pressure in the respective arterial and/or venous branches. A
control unit can be provided to permit variation of the
extracorporeal blood flow by varying the flow rate of the
blood pump installed in the extracorporeal circulation. The
measured values can be stored in a memory unit. The blood
flow in the vascular access can be calculated in a computer
unit on the basis of the stored measured values.

BRIEF SUMMARY OF THE DRAWINGS

Various embodiments of the present invention are
described in greater detail below with reference to the
drawings.

In the Drawings:

FIG. 1: shows a schematic diagram of a device according
to the invention for determining the blood flow and the static
pressure in the vascular access together with a dialysis;

FIG. 2: schematically shows the change in pressure and/or
flow when the vascular access is interrupted between the
arterial and venous connections, when the blood flow in the
vascular access is greater than the blood flow in the extra-
corporeal circulation;

FIG. 3: shows a plot of the pressure in the arterial and/or
venous branches of the extracorporeal circulation with the
vascular access open and interrupted, as a function of the
extracorporeal blood flow for a simultaneous dialysis treat-
ment;

FIG. 4: shows a plot of the difference between the arterial
or venous pressure with an interrupted vascular access and
the arterial or venous pressure with an open vascular access,
as a function of the extracorporeal blood flow for a simulated
dialysis treatment; and

FIG. 5: shows a plot of the arterial or venous pressure as
a function of the extracorporeal blood flow for a simulated
dialysis treatment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The device according to the invention for determining the
blood flow Q in the vascular access (fistula flow) can be
assembled, for example, as a separate component group.
However, the device may also be part of the blood treatment
machine, especially since some components used in the
device are already present in known blood treatment
machines. The device for determining the fistula flow,
together with the necessary components of the blood treat-
ment machine are described below. In one preferred embodi-
ment, the blood treatment machine can be a conventional
dialysis machine.

The dialysis machine can include a dialysis fluid circu-
lation loop 1 and an extracorporeal blood circulation loop 2,
between which there is a dialyzer 3 which is divided by a
semipermeable membrane 4 into a dialysis fluid chamber 5
and a blood chamber 6. A dialysis fluid inlet line 8 leads
from a dialysis fluid source 7 to the inlet of the dialysis fluid
chamber, from whose outlet a dialysis fluid outlet line 9
leads to a drain 10. A dialysis fluid pump 11 can be
connected to the dialysis fluid outlet line 9 to convey the
dialysis fluid.

The patient’s fistula F is punctured with arterial and
venous needles 12, 13. A blood inlet line 14 leads from the
arterial connection 12 to the entrance to the blood chamber
6, while a blood outlet line 15 leads from the outlet of blood
chamber 6 to the venous connection 13. A blood pump 16
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which determines the blood flow in the extracorporeal

circulation can be connected to the blood inlet line 14 and

also to a controlling unit 18 by a control line 17. The
delivery of the blood pump 16 can be varied within a certain

range with control unit 18.

An arterial pressure measurement device 20 can be pro-
vided to measure the pressure in the arterial branch 19, and
a venous pressure measurement device 22 can be provided
to measure the pressure in the venous branch 21 of the
extracorporeal circulation. The two pressure measurement
devices are connected by data lines 23, 24 to a memory unit
25 where the measured values are stored digitally in chro-
nological order. This memory unit 25 can be connected by
a data line 26 to a computer unit 27 which calculates the
fistula flow and the static pressure in the fistula F from the
measured values. The values thus determined can be dis-
played in a display unit 28 which is connected by a data line
29 to the computer unit 27. To control the program flow, the
computer unit 27 in turn can be connected to the control unit
18 by a data line 30. The computer unit 27 may be, for
example, a conventional microprocessor.

During an ongoing dialysis treatment, the arterial and
venous pressures P, and P, in the extracorporeal circu-
lation loop 2 are determined as a function of the extracor-
poreal blood flow Q. Measurements yield the following
functions:

P, (Qp): arterial pressure in the extracorporeal circulation
as a function of Qg

P,., (Qg): venous pressure in the extracorporeal circulation
as a function of Qg
After the measurement is concluded, pressure is applied

to the vascular access between the arterial and venous

needles, and the change in extracorporeal pressure is
recorded as a function of the extracorporeal blood flow.

Compression of a vascular access between the needles

applied using either the fingers or a compression tube is an

established clinical method of determining vascular resis-
tance. In addition, it has been shown that the cardiac output
does not change as a result of brief pressure on the vascular
access, if the pressure lasts a time t=2 min. To prevent
artificial fluctuations in pressure, the patient should not
move during the measurements. In addition, preferably there
is no change in ultrafiltration rate. Thus, hemodynamic
stability can be assumed during the measurement. These
relations yield:
art comp (Qg): arterial pressure in the extracorporeal circu-
lation loop 2 as a function of Qj after pressing on the
vascular access.

P, comp (Qp): venous pressure in the extracorporeal circu-
lation loop 2 as a function of Qj after pressing on the
vascular access.

The pressures measured in the extracorporeal circulation
loop 2, while the blood pump is operating, are composed of
the dynamic pressure in the extracorporeal system and the
dynamic pressure in the patient’s vascular access. The
dynamic pressure in the extracorporeal system is a function
of the extracorporeal blood flow, the blood viscosity and the
sum of the flow resistances in the extracorporeal circulation
loop 2. The dynamic pressure in the patient’s vascular access
is a function of the systemic blood pressure and the systemic
vascular flow resistances. The fistula pressure is thus a
patient-specific parameter which also depends on the type of
vascular access, the blood viscosity and the vascular system
supplying blood to the vascular access. By analogy with the
dynamic pressure in the extracorporeal system, a change in
the fistula pressure, for example due to a fluctuation in blood
pressure, to an increase in viscosity or to the patient chang-
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6

ing positions, leads to a change in both the arterial and
venous extracorporeal pressure reading.

FIG. 2 shows schematically the flow and pressure condi-
tions before and after pressing on the fistula. The patient’s
systemic arterial blood pressure is available at the arterial
needle 12 with the blood pump turned off and the vascular
access pinched. The blood pressure may be, for example in
the range of 50 to 150 mm Hg. The pressure at venous
needle 13 corresponds to the venous return pressure in the
patient’s vascular access (3—15 mm Hg). With the vascular
access open, the arterial pressure in the vascular access
amounts to approximately 27 mm Hg with an intact fistula,
and approximately 49 mm Hg with an intact PTFE graft. The
venous pressure is approximately 17 mm Hg for the fistula
or approximately 35 mm Hg for the graft.

With the blood pump running and the vascular access
open, the fistula flow Q is usually greater than the extra-
corporeal blood flow Q. In this case, a reduced fistula flow
Qz—Qj flows between the needles 12—13 in the vessel during
the dialysis treatment. For the case when the extracorporeal
blood flow is greater than the flow in the vessel (Qz>Q), the
difference Q--Qj is negative, i.e., there is a recirculation
flow from the venous needle to the arterial needle. In the
case when the extracorporeal blood flow is exactly equal to
the flow in the vascular access, no blood flows through the
vascular access between the arterial and venous needles. The
three cases Qz<Qy, Qz>Qr and Qz=Q are explained sepa-
rately below.

Qz<Qz In the case when the reduced flow Q.-Q
between the arterial and venous needles is hindered, a
dynamic pressure builds up at the arterial needle. Therefore,
the arterial extracorporeal pressure p,,; .omp, increases. In
this case, the higher the reduced flow Q—Qj is, the higher
will be the dynamic pressure. On the other hand, the venous
extracorporeal pressure p,.,, .o, Will drop, and as a result,
the venous pressure drop will also depend on the reduced
flow Qz-Qj.

Qz=Q: In this limit case, there is no change in pressure
and flow conditions when the vessel is pinched between the
needles.

Qz>Qz No recirculation occurs when the extracorporeal
blood flow is greater than the flow in the vascular access.
The recirculation flow from the venous to the arterial needle
is stopped by compression of the vessel between the needles.
This causes a drop in arterial extracorporeal pressure, where
the resulting negative pressure difference depends on the
recirculation flow. The venous extracorporeal pressure, how-
ever, increases slightly, because venous blood is prevented
from flowing out by suppressing the recirculation flow.

The following table summarizes the arterial and venous
pressure changes for the flow conditions described above.

Flow in the vascular access

Delta p,, (Qg)  Delta pye, (Qm)

+ -
0 0
- +

Qp < QF
Qg =Qr
Qg > Qr

Where:

Delta poy Op)Part comp(P8)=Pard Op) (Equation 1)

Delta pon(Qp)Pen comp{P8)Pron(Pp) (Equation 2)

A qualitative measurement of the flow in the vascular
access is possible by performing a single pressure difference
measurement, while the treatment is underway.
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FIG. 3 shows the pressure-flow curve for a simulated
dialysis treatment with the vascular access open and pinched
at a fistula flow of 700+5 mL/min. The flow in the extra-
corporeal circulation is turbulent. Consequently, the func-
tion p=f(Qj) is nonlinear, but it can be approximated with
quadratic polynomials of the type y=a+bx+cx” with a high
correlation.

To measure the function p=tf(Qj), the blood flow was
varied in the range of between 50 to 550 mI./min, and the
respective extracorporeal pressure was recorded. Then the
functions were curve-fitted using the second degree poly-
nomials and were extrapolated. The correlation coefficients
were in the range of R*>0.998.

With the blood pump stopped, the arterial pressure in the
open vascular access is generally about 34 mm Hg, and the
venous pressure is approximately 32 mm Hg. By compres-
sion of the vessel between the needles, the static arterial
pressure is increased to approximately 94 mm Hg. This
value thus corresponds to the average systemic pressure of
the arterial system. The static venous pressure drops to
approximately 7 mm Hg and reflects the return venous
pressure. With an increase in blood flow, the initial pressure
difference between the compressed vessel and the open
vessel drops, because the pinched part of the vessel is
bridged by the extracorporeal circulation to an increasing
extent.

At the point of intersection of the respective arterial and
venous function pairs p=f(Qj), it holds that Delta p=0. In the
case when the extracorporeal pressure does not change with
compression of the vessel, the resulting flow between the
needles with the vessel open must consequently be zero, i.e.,
the fistula flow and the extracorporeal blood flow are iden-
tical. Thus, the fistula flow can be determined directly from
the point of intersection of the respective Qj value.

The points of intersection of the second-degree polyno-
mial functions are calculated by the following method. The
second-degree polynomial for the pressure-flow curve with
the vessel open can be written, for example, as follows:

yi=a+bx+e x> (Equation 3)

With the vessel pinched, the polynomial function can be
written as:

Vo=artboxtcx (Equation 4)

Equating equation 3 with equation 4 yields:

a1+ (X4 X2 =artboxtCox’ (Equation 5)

After converting:

(a1=az)+(b=by)x+(c1-c)x*=0 (Equation 6)

With the following substitutions:
(a,—ay)=4
(b,-b,)=F
(c1—cp)=C

the following two solutions are obtained for the mixed
quadratic equation 6:

(Equation 7)

_ —B+VB:-4AC

n 2C
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-continued
-B-VB?2-4AC (Equation 8)
=
2C

Equation 6 has two solutions which may either be differ-
ent and real, identical and real or conjugated and complex.
The selection of which case occurs is made according to the
discriminant D:

D=B>-44C (Equation 9)

If D is positive, there are two different real solutions. If
D=0, there is a real double solution. However, if D is
negative, equation 4 has two conjugated complex solutions.
In the present case, D is always positive, so equation 4
supplies two different real points of intersection. Of these,
only x>0 values are of physical interest, representing posi-
tive extracorporeal blood flow. Thus, the point of intersec-
tion in the pressure-flow curves being sought is defined by
the positive solution of equations 7 and 8.

The following table summarizes the constants of the
fitting computations of the type y=a+bx+cx” of the pressure-
flow curve p=f(Qp) shown in FIG. 3.

Pressure-flow curve a b c R2
Arterial with 30.0714  -0.07591 —6.66965 - 10™*  0.99915
open vessel

Arterial with 88.40084  -0.13109 -7.050 - 107*  0.99970
pinched vessel

Venous with 19.45073 0.08208  8.70911 - 107*  0.99988
open vessel

Venous with -3.11153 0.0633 9.45423 - 107> 0.99994

pinched vessel

Inserting the respective values into equation 6 and per-
forming the calculation according to equations 7 and 8
yields the points of intersection derived from the following
table:

Intersection Derived Intersection Derived

Value pair From eq. 7 From eq. 8
Arterial pressure-flow curve 723 mL/min —-2284 mL/min
Venous pressure-flow curve -439 mL/min 691 mL/min

The fistula flow is calculated by averaging the appropriate
solutions. In the range of positive flow, the average of the
calculated flow in the vascular access is 707+23 mL/min.

FIG. 4 shows an alternative plot of the pressure measure-
ment with the vascular access open and pinched. The
pressure difference Delta p is plotted here as a function of
the effective extracorporeal blood flow according to equa-
tions 1 and 2. The measured data were again fitted with
second-degree polynomials. In the case when the extracor-
poreal pressure with the fistula open is the same as that with
the fistula pinched (Delta p=0), extracorporeal blood flow
and flow in the vascular access are identical. Consequently,
the fistula flow can be determined from the common point of
intersection of the polynomials, and also from the points of
intersection of the individual polynomials with the x axis.
The following table summarizes the constants of the curve-
fitting calculation of the type y=a+bx+cx® from FIG. 4.
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Pressure difference a b c R?
Delta p,,, = (Qg) 58.24088 -0.05247 -4.04643 - 107 0.98834
acc. to eq. 1

Delta pyen = (Qg) -22.90486 -0.0149  -6.44045 - 107> 0.9222

acc. to eq. 2

Calculation of the point of intersection of the polynomials
illustrated in FIG. 4 according to equations 7 and 8 yields a
flow value of Q=719 mL/min. The points of intersection of
the polynomials with the x axis can be calculated by
equating the y value to zero:

a+bx+cx*=0 (Equation 10)

By analogy with equation 6, the solution of the mixed
quadratic equation 10 can thus be calculated from equations
7 and 8. The respective Q values are 715 mL/min (from the
arterial curve in FIG. 4) and 723 mL/min (from the venous
curve in FIG. 4). In the method of fistula flow measurement,
the arterial and venous pressures in the extracorporeal
circulation can be recorded as a function of extracorporeal
blood flow Qj, while the dialysis treatment is underway.

The statistical determination of the static arterial and
venous pressure can be carried out as follows. The
function(s) p,,, (Qz) and p,,, (Qz) are curve-fitted with
quadratic polynomials of the type y=a+bx+cx®. Then the y
axis intercept a of the arterial and venous pressure-flow
curves is calculated. The extracorporeal pressure is equal to
the static pressure in the vascular access plus the hydrostatic
pressure which comes about due to the differences in height
between the extracorporeal pressure sensor and the vascular
access. A pressure difference of approximately 0.77 mm Hg
per cm of height difference can be assumed to be a good
approximation.

FIG. 5 shows the function value of the arterial and venous
pressure-flow curve p=f(Qz) for a simulated dialysis treat-
ment and the respective mathematical curve-fitting.
Although the function p=f(Qg) is not linear, it can be
curve-fitted with quadratic polynomials of the type y=a+bx+
cx® with a high correlation. By using x=0 as a boundary
condition, y=a can be obtained, meaning that the point of
intersection of the polynomial with the y axis can be defined
by the polynomial constant a. The parameters shown in the
following table can be obtained:

Pressure-flow

curve a b c R?

Arterial -6.66965 - 107
extracorporeal
pressure
Venous
extracorporeal

pressure

30.0714  -0.07591 0.99915

19.45073 0.08208  8.709711 - 10™*  0.999888

The operation of the device for determining the fistula
flow and the static arterial and venous pressure is described
as follows. During the dialysis treatment, the control unit 18
initiates the measuring process, so that the blood flow Qg is
increased continuously from a lower limit value within a
predetermined range up to an upper value due to a change in
the flow rate of the blood pump 16. As a result, venous
pressure P, P . is measured by the arterial or venous
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stored in memory unit 25. Then the vascular access is
pinched off between the arterial and venous needles. Control
unit 18 then reduces the extracorporeal blood flow down to
a lower limit value after starting from the upper limit value,
for example, after confirmation being issued by the operat-
ing personnel, and then the arterial and venous pressure
Part comp 314 D,y comp are measured again. The measured
values can also be stored in memory unit 25. Computer unit
27 then can read out the stored measured values, and can
calculate the fistula flow Qg and the static arterial and
venous pressure in the fistula from the measured values,
using one of the algorithms described above. The fistula flow
and the fistula pressure can then be displayed on display unit
28.

What is claimed is:

1. A device for determining blood flow in a vascular
access during an extracorporeal blood treatment, compris-
ing:

an arterial branch of an extracorporeal circulation in fluid
connection with the vascular access at an arterial con-
nection;

a blood treatment unit for receiving blood from the
arterial branch;

a venous branch of the extracorporeal circulation in fluid
connection with the vascular access at a venous con-
nection;

a blood pump connected to the extracorporeal circulation;

a control unit for varying the flow rate of the blood pump;

at least one of an arterial pressure measurement device for
Measuring pressures P, Parr comps reSpectively, in the
arterial branch of the extracorporeal circulation with
the vascular access open and with the vascular access
interrupted when there is no blood flow through the
vascular access between the arterial connection and the
venous connection, and a venous pressure measure-
ment device for measuring pressures p,.,, Pues comp>
respectively, in the venous branch of the extracorporeal
circulation with the vascular access open and with the
vascular access interrupted when there is no blood flow
through the vascular access between the arterial con-
nection and the venous connection;

a memory unit for storing at least one of the measured
arterial and venous pressures; and

a computer unit configured to calculate the blood flow Q
in the open vascular access from the measured values
of the arterial pressures p,,,, or the venous
pressures pven’ pven comp'

2. The device according to claim 1, wherein the control
unit is configured to vary the blood flow Qj in the extra-
corporeal circulation within a predetermined range in a first
cycle while the vascular access is interrupted, and to vary
again the blood flow Qy in the extracorporeal circulation
within a predetermined range in a second cycle while the
vascular access is open.

3. The device according to claim 1, wherein the computer
unit is configured to vary the blood flow Qj in the extra-
corporeal circulation and determine when the pressure
Purs comp 10 the arterial branch with the vascular access
interrupted is equal to the pressure p,,,, in the arterial branch
while the vascular access is open.

4. The device according to claim 1, wherein the computer
unit is configured to vary the blood flow Q in the extra-
corporeal circulation and determine when the pressure
Pven comp 10 the venous branch with the vascular access
interrupted is equal to the pressure p,,,, in the venous branch
while the vascular access is open.

part comp
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5. The device according to claim 1, wherein the computer
unit is configured to determine the blood flow Q in the open
vascular access from a first blood flow in the extracorporeal
circulation at which the pressure p,,, .., in the arterial
branch with the vascular access interrupted is equal to the
pressure p,,, in the arterial branch while the vascular access
is open, and from a second blood flow in the extracorporeal
circulation at which the pressure p,,, .., in the venous
branch with the vascular access interrupted is equal to the
pressure p,,,, in the venous branch while the vascular access
is open.

6. The device according to claim 5, wherein the computer
unit is configured to determine the blood flow Q- in the open
vascular access by averaging the first and second blood flow
values.

7. The device according to claim 1, wherein the computer
unit is configured to determine the blood flow Q- in the open
vascular access by determining the extracorporeal blood
flow Qg at which the difference Delta p,,, between the
PIesSure P, .o, i0 the arterial branch with the vascular

12

access interrupted and the pressure p,,,, in the arterial branch
with the vascular access open is equal to zero, and by
determining the extracorporeal blood flow Qz at which the
difference Delta p,,,, between the pressure p,.,,, .o, in the
venous branch with the vascular access interrupted and the
pressure p,,,, in the venous branch with the vascular access
open is equal to zero.

8. The device according to claim 1, wherein the computer
unit is configured to determine at least one of the arterial and
Venous pressure p,,,, P,.,, in the extracorporeal circulation at
which the blood flow Qj in the extracorporeal circulation is
equal to zero.

9. The device according to claim 1, wherein the computer
unit is configured to determine parameters of a function
p(Qp) representing at least one of the arterial and venous
pressure as a function of the extracorporeal blood flow Q
from corresponding values of the arterial pressures p,,,,

Pars comp or the venous Pressures Pueys Pues comp*

#* #* #* #* #*



